The existence of fimbrial structures on the surface of salmonella has been recognized for many years (4) , and fimbriae are now characterized by three main types predominantly on the basis of their morphology and ability to mediate erythrocyte agglutination (3) . Type 1 fimbriae are rigid surface organelles 7 nm in diameter which mediate agglutination of erythrocytes in the absence of a-D-mannose (11) . They are ubiquitous among Salmonella species, but published evidence suggests that there are antigenically distinct types (2) . Type 2 fimbriae are morphologically similar to type 1 but lack the ability to agglutinate erythrocytes (3) . They have been found on only a few serotypes and may represent a mutant form of type 1 fimbriae (2) . Type 3 fimbriae are smaller, more flexible structures with a diameter of between 3 and 5 nm when viewed by electron microscopy and are able to mediate the agglutination of tanned animal erythrocytes in the presence of at-D-mannose (3). They have been described on a few serotypes of salmonella (1, 12) and represent a number of antigenically distinct structures. The role of type 3 fimbriae in pathogenesis and their establishment as virulence determinants have not been established, unlike the cell adherence capabilities of the diverse groups of fimbriae mediating mannose-resistant and eluting hemagglutination found in enterotoxigenic and uropathogenic strains of Escherichia coli (13) .
Salmonella enteritidis is one of the dominant serotypes associated with outbreaks of food poisoning in the United Kingdom and the United States (10, 15) . A greater understanding of the nature and types of surface structures expressed by this serotype is desirable for the development of new diagnostic assays and for the identification of protective antigens for use in future vaccines. The characterization of type 1 fimbriae on a human isolate of S. enteritidis has been described previously (5) . In this communication, we describe a fimbrialike structure, expressed on strains of S. enteritidis and some strains of S. dublin, that cannot be easily ascribed to any of the existing fimbrial types.
MATERIALS AND METHODS
Bacterial strains and media. The Salmonella strains examined are listed in Table 1 ratory, Weybridge, Surrey, United Kingdom. Strains were stored on Dorset egg slopes and cultured in peptone water for 18 h at 37°C or 48 h at 22°C. In addition, recent field isolates of Citrobacter diversus (three strains) and E. coli (three strains) and single isolates of Enterobacter cloacae, Escherichia hermannii, Proteus vulgaris, and Yersinia ruggerii were similarly cultured and examined.
Production of MAb. A recent field isolate of S. enteritidis from a chicken (1246/89) was used to immunize BALB/c mice. The organisms were grown in peptone water overnight, centrifuged at 3,000 x g for 10 min, and suspended in phosphate-buffered saline (PBS), pH 7.2, to give a value of 1.25 at A400 (live antigen). The same concentration of cells was also fixed in 1% Formalin in PBS for 15 min (formalinized antigen) or boiled for 1 h (heat-killed antigen). Female mice 6 to 8 weeks old were injected intraperitoneally with 0.1 ml of the formalinized antigen. Four weeks later, the mice were injected intraperitoneally with 0.1 ml of either the live or heat-killed antigen, and 3 days later, their spleens were removed for the production of monoclonal antibodies (MAb). Hybridomas were produced from fusion of the BALB/c myeloma cell line NS1 and murine splenocytes, following the protocol previously described (8) . After cell fusion, hybridomas were seeded into 96-well microplates (Falcon 3072; Becton Dickinson and Co.) and monitored regularly for antibody production by an enzyme-linked immunosorbent assay (ELISA) as detailed below. Selected hybridomas were expanded in RPMI 1640 medium (GIBCO Ltd., Glasgow, United Kingdom) containing penicillin (100 ,ug/ml), streptomycin (100 U/ml), L-glutamine (1 mM) , and fetal calf serum (Myoclone; GIBCO) (20% [vol/vol] (16) . After drying, the membrane was saturated with 3% (wt/vol) bovine serum albumin for 1 h, followed by three 10-min washes in PBST. Antigens on the membrane were probed for 1 h at 37°C with MAb 69/25 diluted in PBST containing 1% (wt/vol) bovine serum albumin, followed by three 10-min washes in PBST. Binding of MAb to antigens was detected by incubation with affinity-purified, biotinylated sheep anti-mouse IgG species-specific F(ab')2 fragment (Amersham International, Amersham, United Kingdom) for 1 h at 37°C, followed by three 10-min washes in PBST and incubation for 30 min at 37°C with streptavidin-biotinylated horseradish peroxidase complex (Amersham) . After washing three times in PBST, the reaction was revealed with 0.5% (wt/vol) chloronaphthol and 0.015% (wt/vol) hydrogen peroxide as the substrate.
Hemagglutination. Direct hemagglutination tests on whole organisms grown in peptone water at 37°C and cell-free antigens were performed by using 3% (vol/vol) suspensions of fresh or tanned erythrocytes of different animal species in microtiter wells on ice at 4°C (7) . The tests were done with and without 0.5% (wt/vol) D-mannose.
RESULTS
MAb. Culture supernatant from 293 microwells with hybridomas contained antibody that reacted with S. enteritidis antigens in the direct-binding ELISA. Of these, 35 bound exclusively to Salmonella antigens, and from these, 6 stable uncloned hybridomas were secured in liquid nitrogen storage. Six clones were produced from hybridoma 69/25, and MAb produced by one of these recloned hybridomas was used for all further studies. The murine immunoglobulin was identified as subclass IgGl.
Direct-binding assays. (Fig. 1) . The number of fimbriae on each bacterial cell was variable, and some organisms were devoid of any. A fine fibrillar material attached, usually uniformly, around the bacterium was also observed. Individual filaments within this material were difficult to visualize, measuring less than 5 nm in diameter. Filaments had a kinked conformation such that they entangled with each other to give a matted appearance (Fig. 1) . The matted fibrils extended from the cell surface to approximately 200 nm within the limit of the pool of negative stain around each cell. When the same strain of S. enteritidis was incubated with MAb 69/25 and immunogold conjugate, the fimbrial material was labeled heavily with gold particles (Fig. 2A) . Once labeled, this antigen could be seen to extend up to 0.1 ,um from the cell surface and was also found in detached amorphous clumps. Flagellae and type 1 fimbriae were unlabeled (Fig. 2B) . Two further S. enteritidis strains and three S. dublin strains that reacted in the direct-binding ELISA also expressed this fimbrial material which was specifically labeled with the MAb, although many S. dublin organisms within a population appeared not to express this structure or epitope (Fig. 3) . Fimbrial antigen was not detected or labeled when the same strains of S. enteritidis and S. dublin were grown at 22°C. Strains of S. gallinarum, S. pullorum, and S. typhimurium grown at 37°C for 24 h were not labeled with gold after probing with MAb. Analysis of fractionated surface antigens. Maximum binding of MAb occurred with fractions from the first peak eluted from the high-pressure liquid chromatography gel filtration column containing antigen fragments with molecular weights of about 600,000 (Fig. 4) . SDS-PAGE on prefractionated material and fractions from this peak demonstrated the purification of a major protein band which corresponded to the molecular weight standard of 14,300 (Fig. SA) . Western blots were performed on the crude and semipurified material and probed with MAb 69/25. In both preparations, only one band, which corresponded to the 14,300-molecular-weight standard, was detected (Fig. 5B) ,\ '-`" » .\`; ;`' sth.sS$%'E0ss'.
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DISCUSSION
In an attempt to produce a panel of MAb to S. enteritidis, mice were immunized by using protocols designed to elicit an antibody response primarily directed against surface antigens. Of 400 resulting hybridomas, a small number (Fig. 4, peak 1 Electron microscopy studies confirmed that MAb 69/25 is directed against an epitope on a fimbrial structure expressed on the bacterial surface that is morphologically distinct from flagellae and the larger type 1 fimbriae. This structure was observed only on Salmonella strains that reacted in directbinding ELISAs, and these strains were labeled when examined by immune electron microscopy. In common with certain fimbriae expressed by E. coli organisms (13), the structure was not expressed after incubation at temperatures below 22°C.
A method commonly used to isolate and purify fimbrialike structures from Salmonella and E. coli organisms which entails mild heat shock treatment of the live bacteria and fractionation of cell-free material by size exclusion chromatography was successfully employed to detach and purify the fibrillar antigen from the bacteria. Fragments of between 10 and 50 subunits were produced, each with a molecular weight of 14,300. Of the many studies reporting the presence of fimbriae on Salmonella strains, we have found only one recorded observation of a fimbrialike structure that could correspond to the one described here: Rohde et al. (14) described a rare fimbrial antigen which inhibits somatic agglutination in several strains of S. enteritidis and S. typhimurium and possesses a mannose-resistant hemagglutinin (1). The structure described in this communication carries an epitope which is present on all S. enteritidis strains examined but not on any of 64 strains of S. typhimurium. Additionally, we were unable to demonstrate the presence of a hemagglutinin on the structure by using a variety of fresh and tanned erythrocytes on cell-associated and cell-free material. This structure is much smaller than the type 1 fimbriae commonly found on Salmonella strains (2) , and, unlike type 3 fimbriae carried by salmonella, it lacks any hemagglutinating activity (1, 2, 12) . We believe, therefore, that this fimbrial structure which carries an epitope restricted to all strains of S. enteritidis and certain strains of S. dublin and S. moscow differs from all previously described structures of salmonella.
The biological relevance of this antigen is unknown. Work is under way to identify and characterize further epitopes on this structure that may provide the basis for future diagnostic assays. The role of the antigen in the stimulation of a protective immune response together with any adhesive capabilities it may possess needs to be investigated. Preliminary work (unpublished data) demonstrates that this structure is expressed in vivo and that chickens are capable of mounting a significant antibody response to it. Molecular studies are also in progress, and the genes involved in its production have been cloned. This antigen may be one of several related components of salmonella that varies with different serotypes, and its identification heralds exciting new possibilities for the diagnosis and control of Salmonella infections.
